Feature

B
y now, the statistics are sickeningly familiar: As many as 42 million people worldwide are infected with the human immunodeficiency virus (HIV); last year, about 3 million people died of acquired immune deficiency syndrome (AIDS) and perhaps 5 million were newly infected. In all, AIDS has killed about 20 million people. In 1981, when the first cases of what initially was called "gay-related immunodeficiency disease" appeared, no one had identified the infectious agent that causes the disease. By 1983, HIV had been described.
We now know there are two distinct HIVs: HIV-1 and HIV-2. HIV-1 has been subdivided into three separate groups on the basis of viral RNA sequences and proteins: M, for main; O, for outlier; and N, for non-M, non-O. M is the group that has caused the worldwide epidemic. Virologist Preston Marx, of the Tulane National Primate Research Center in Covington, Louisiana, explains that O has infected about 100,000 people and N has infected only 6 people. O, says evolutionary biologist Michael Worobey, from the University of Arizona-Tucson, is "quite localized to Cameroon and that part of west-central Africa." HIV-2, says Marx, has seven subtypes, A through G. "Groups C through G are known only as single-person infections," Marx says, 
Into Africa
By the mid-1980s, researchers had identified a similar virus in captive, laboratory primates: simian immunodeficiency virus (SIV). But the connection between SIV and HIV came about, in part, because Marx was writing an acceptance speech for a research award from the University of California-Davis. It was 1987, only a few years after both viruses were identified, and Marx was involved in AIDS research. "I decided to give my acceptance talk on the origins of HIV," he says."When I went to do the background for the talk, I found that nobody knew." He notes that "we knew in American primate centers there were monkeys that were infected with SIV, and we knew they were imported and knew where they were imported from." Marx got out an atlas, applied for some small grants to cover a trip to Africa, and started writing to African embassies, requesting permission to visit West Africa and take a look.
"When I first went to Sierra Leone in the late 80s," says Marx, "we already knew it would be in the monkeys there." According to Marx, they knew that sooty mangabeys, which are native to West Africa, carried what appeared to be HIV-2, though in the sooty mangabeys, the virus is called "SIVsmm." Biochemically, HIV and SIV are the same virus. As the virus can evolve fairly rapidly, however, even within an individual host, HIVs that have traveled through the human population for years have some genetic differences from the original SIV.
Marx and his team surveyed 10,000 people in Sierra Leone who had had close contact with the monkeys and found only two cases of HIV-2 infection. Marx was, and remains, puzzled. "SIV was common everywhere [in monkeys]," he notes, but HIV-2 was not present in significant numbers in the human population.
Meanwhile, other researchers identified SIVs in other nonhuman primates.
Virologist Martine Peeters, of the University of Montpellier, France, was living in Gabon when she described the chimpanzee SIV. Other researchers checked blood samples from captive Old World primates and found that many species seem to harbor unique SIVs. Studies of wild-caught Old World primates, which Feature belong to the family Cercopithecidae, have borne out that many are, indeed, infected with SIV. Says Marx,"We find SIV is very common in monkeys and is spread across the African continent south of the Sahara. What is possible is that SIV has been in Africa for up to a million yearsit could be longer-and has evolved into a highly divergent group of viruses that spread across the continent."
Simian immunodeficiency virus (SIV) from
Researchers also had a human blood sample from 1959 that was infected with HIV group M. Thus, they knew that the earliest human infections had to go back to that date or earlier. So the stage was set to identify exactly where the virus had come from and when it jumped from primates to humans.
One of the seminal papers on the origin of HIV-1, by Bette Korber and colleagues, came out in the 9 June 2000 issue of Science. The article stated that HIV-1, the predominant HIV virus, "is most closely related to SIVcpz [the chimpanzee SIV] isolated from the chimpanzee subspecies Pan troglodytes troglodytes." The paper went on to state that the viral lineage of the three forms of HIV-1 showed similarities to those found in the chimps, which live in western equatorial Africa, and that transmission into humans probably occurred around 1930.
In a review of the state of knowledge in the 28 January 2000 issue of Science, Beatrice Hahn, of the University of Alabama-Birmingham, and her colleagues provided graphic photos of the bushmeat market and the butchering of bushmeat in west-central Africa. Bushmeat is whatever wild animals are captured and killed and often includes the remains of nonhuman primates. The group hypothesized that SIV could have infected humans through open wounds exposed to infected primate blood or tissue fluid during killing, butchering, or preparing the meat. "Obviously, the way that people become infected with SIV must be by coming into contact with infected blood," says Peeters, who works with Hahn.
The theory that HIV-1 jumped from chimpanzees to humans led to more questions. As other wild species of primates are infected, could SIV jump into humans again and again, causing new infections? Fieldwork seemed to be the best way to determine the extent of SIV infection in wild nonhuman primate populations. The bushmeat market presented a perfect venue for collecting samples from the cercopithecids. Working in Cameroon, Peeters and her colleagues have been able to obtain and test more than 1000 blood samples taken from bushmeat. To avoid encouraging local hunters to go out and hunt additional animals for the study, they have agreed to take blood or tissue samples from the animals and then return them to the hunters. They have tested samples from the 18 lower primate species and 2 great ape species endemic to the country. In a paper published in the July issue of the Journal of Virology, they reported on some of the work and gave a synopsis of all the species of Old World nonhuman primates-including those outside their current study-found to carry SIV. The field is rapidly progressing; to date, 36 primate species have been found to have SIV cross-reactive antibodies. RNA sequence analysis confirmed SIV infection in 29 species.
"Each primate seems to have its own SIV strain," says Peeters. But that is only the tip of the iceberg. The Journal of Virology article notes that researchers have tested only 39 of the 69 species of Old World monkeys and apes. SIV does not appear to be present in monkeys and apes other than those that are native to sub-Saharan Africa. Hahn notes that even the green monkeys, Chlorocebus sabaeus, that make up a wild colony on St. Kitts, Virgin Islands, are not infected. These monkeys' ancestors were brought over on slave ships and trading ships hundreds of years ago. Hahn notes that these monkeys' African cousins are infected with SIV; it isn't known why this population is uninfected. Analyses of RNA sequences from the SIV genome create a mixed picture of the relationships among the SIVs the primates harbor and the phylogenetic relationships among the primate species. At this point, the jury is still out on whether the hosts and viruses coevolved. There are numerous problems that need to be worked out. " [In] some species, you seem to have a virus-host coevolution," says Peeters. "For other species, it seems that there are more cross-species transmissions." An additional factor is that it's possible that "one primate species has two SIVs." Furthermore, some of the cercopithecid species live in polyspecific groupings."I know in these polyspecific groupings, different species have different tasks," says Hahn."Among the species, they pass these viruses around like hotcakes." What's more, the known genomes of some monkey species, upon which their phylogenies are based, are from only a few animal specimens.
This vervet monkey (Chlorocebus pygerythrus), a guenon, is in the same genus as the green monkey (Chlorocebus sabaeus). Green monkeys may be more closely related to two monkeys currently classified as members of the genus
With a few exceptions, the SIVs found in monkeys of the genus Cercopithecus tend to show molecular similarities. However, viruses from L'hoest's monkey (Cercopithecus lhoesti), which is native to central Africa, from the eastern Congo through Zaire to western Uganda, and the sun-tailed monkey (Cercopithecus solatus), from the tropical forest of Gabon in west-central Africa, seem to be more similar to each other than they are to the other Cercopithecus SIVs. In their July 2004 article, Hahn and colleagues write that recent taxonomy indicates that L'hoest's and sun-tailed monkeys seem to show a closer relationship to members of the genera Chlorocebus and Erythrocebus and may not be in the genus Cercopithecus at all. Thus, it is premature to determine a relationship or lack of one between SIVs and their hosts until there is more information about the hosts and the SIVs. Hahn notes that it's important to understand how these strains of SIV have evolved.
Chimp SIV is different
Chimpanzee SIV is an exception. Two papers published last summer (in Science, 13 June 2003, and Journal of Virology, July 2003) point out that the SIV carried by chimpanzees appears to be a recombinant of SIVs carried by cercopithecids, upon which chimpanzees prey. As chimpanzee SIV appears to be most similar to HIV, it will aid in our understanding of the infectivity of HIV to find out how SIVcpz evolved and whether chimpanzees, which still prey on monkeys, are being reinfected. Because SIVcpz apparently is the root of HIV-1, it is essential that researchers understand where it came from.
There are four subspecies of chimpanzees: Pan troglodytes troglodytes, Pan troglodytes verus, Pan troglodytes vellerosus, and Pan troglodytes schweinfurthii. P. t. troglodytes is the subspecies present in Cameroon, Equatorial Guinea, Gabon, and Republic of the Congo. The SIV that infects this subspecies is similar to all known groups of HIV-1. A small percentage of P. t. schweinfurthii, which is endemic to the area east of the southward-flowing Ubangi River, also carries a chimpanzee SIV. That SIV, however, differs from the one that infects P. t. troglodytes and has not so far been implicated in human disease.
Obtaining samples from chimpanzees is more difficult than obtaining them from cercopithecids. Hunting great apes is illegal in much of central Africa, so samples must be obtained by other means. Also, many wild populations of chimpanzees are not habituated to humans, making it impossible to get near them to take blood samples. But, ever resourceful, researchers are collecting urine and feces and testing them for antibodies to HIV and then trying to In a recent advance, Hahn says they came up with a means of preserving SIV antibodies and virion RNA from fecal samples maintained in a specific preservative; this would no longer require freezing of the specimens. This is a major boon to research, because freezing facilities are not available in the jungle; to freeze samples, researchers have had to return regularly to major cities. Now, they have the tools to determine the extent of SIV infection in chimpanzees, the etiology of the virus, and perhaps even the precise geographic area where the chimp SIV jumped from the animal and into humans, creating the AIDS epidemic.
Because SIV has jumped into humans and caused disease at least 10 times-the three HIV-1 subtypes and the seven HIV-2 subtypes-it could jump again. Peeters and colleagues mention, in a paper published in Emerging Infectious Diseases in May 2002, a man in Cameroon who was identified with an HIV that crossreacted with an SIV peptide from a mandrill, Mandrillus sphinx. Thus, it is imperative that the full extent of SIVs in nonhuman primates in sub-Saharan Africa be characterized and that the prevalence of SIV infection in chimpanzees be determined.
But, says Marx, the next question is not just how and where SIV jumped from nonhuman primates, but what makes HIV infectious and transmissible in humans. Answers to these questions may aid in determining why HIV makes humans very, very sick, while SIV causes no disease in other higher primates. 
